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(54) GAS SUPPLY CONTROLLER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To control the feeding volume of 
a material gas sublimated from a slid state source, to 
compensate a change in the effective cross-sectional area of 
a stop part at the time of controlling the feeding volume of 
the material gas and to control the feeding volume of the 
material gas passing the stop part at a subsonic flow. 
SOLUTION: A material gas sublimited from a solid state 
source 50 by a cylinder is supplied to a CVD device 30 
through an orifice 33. The flow rate of the material gas 
passing the orifice 33 at a sonic velocity flow is calculated 
based on the upstream pressure P1 of the orifice 33 which is 
detected by an upstream pressure sensor 34 and the 
upstream temperature T1 of the orifice 33 which is detected 
by an upstream temperature sensor 35 and the flow rate of 
the material gas passing the orifice 33 at the sonic velocity 
flow is held at a set point by controlling the upstream 
pressure P1 by an upstream pressure control valve 21. 
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(±«?a^*fe>^3 5r*&tH3*i£&CD) **— jEte&S 
W^fiCtt. *y ? ^3 3<DTifflEt)P2 (TSfeEtJ-fe 50 
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>V 5 ltlWlSft**©) 3VCVDSEK3 0&£<D§5 

■t»n»iti, *i««r*y7-/^3 3*fflji 

n4*'J7 ^^3 3©±iSE*P 1 (±SSE*^>1f3 

[0 054] «±J:!5* B»V-*5 0»6M3tfc 

0 1 CDSn^ffiffl 6 0 £JD$lbT, *«7^33 <z>±ifc- 
figTl (±iSSS*>1f 3 5-CttlU3ft&fc<D) 

mu&M±<Di&mztmLtcm&-ei>. t>;7^33 

<DTSWE*P2 (T«£K*-fe>1f5 1 r^ftSftSfc 
CD) teStf*** »j7^3 3<D±»EE*P 1 LhifcSK 
42>^3 4Tt£tti3ft£fc<D) CDJtP 1/P 2ifi r®j£ 

fit j «±«:W«3<iri»ti«/ ^ifffi-e* >J7^33 

*aat-*tw^©suiQtt, ±i*E&fWffl#2 it 

H«S3h4*y 7^>^3 3©±SRBE*P 1 fcfcoTtWffll 
[0 05 5]^ y ? -f X 3 3 ©TifcEfc P 2 (TSS 

ff*-fe>l^5 l rtfetB'3 ft 5 4><D) tc»T*tf y?.** 

3 3 CD_bifcIRj P 1 (±^JE^-fe>^3 4r^tB3nS 
4>CD) CDitP'l /P 2 <D r|®^(@ j tl/7^33 
(D±}jgiaSTl (±«i&K-k>*y*3 5Ttfctti3*i£fe 

3 3 *iiair4*m*fA©aatQ'* % ±8fcaE*«iaiyp 2 

[0'0 5 6]»C, t'J7^33, ±iftE*H2>lJ-3 
4, ±Mg-fe>1f3 5, ±WE*»WP^^2 1 , n 

cvD«a3 0rttcai»wtc«ji»L, *©«imi*«iib 

[0 05 7]ftf, Hl©JW»IBH*t^*rttI«lb. 
Vy >3^3 2rttCOliT«2 5 O-CCC-T*. -ecD— ^ 

MK^l 1,12,1 3*fflC »^14 v 1 5 
i±SfcBEA«fBI^2 1 *BWte«»C. ^'j7^33 
4aK#.l 1 ©Btg^it F 7 >CD«a#> 
^ (H^LSclO *e»3*r, ^ , ;>jT3 2fitift 
OCDfiSfimaE (CCm 2 5 0 4 CT0. 6 
5 kPa) feTBdSEE-TSo S/»J> #3 2ft<D 

KJlPQ *J|H* V - X 5 0 <Dfi«lSSajIttTK: & o/ct 
±8KEE*-fe>*3 6 4/hLr»lJ:b«|nlK4 lr 
«kffl«i, »lJttS@»4 l«»@SS4 2CC*fLT 

[0 05 8] »Iil8S4 2 *%UffliP3^f|-^*S«r-5 
BK#1 3«S||tt6ti. HH*K % l/fal/-^3 9 

> 3 7 t^Lt-jaH»t tftttti, CCD 

<b^r, ^riSieiHl8S4 3tt, ±SSE^-fe>l^3 4*^ffl 
LM'J7^3 3<D±«e!3E^P 1 <h v ±a£SS-fe>^ 
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Ltcwmoonite&ic&xteitox* ^mmx* y y < * 
[0059] im®K4 2tcMssti&nmatc 

[0060] mpBK4-2ra % sHtL/fciwrtBawaaae 

-#3 8 KfWfW«#*»«LT v ±«SE*iWlffl#2 1 CD 
Wr#l 5*«t;4££fcK: % CVD3SE3 0 £iID&il 

s*, cvD*«3 0rtKiittwcc«i&'r4ci*Jr# 

[0 06 1 ] &tc, *'J7^33, ±S!£E^-fe>1f 3 
4, ±«£SS-fe>1f3 5, ±SEMI^^2 1, n 
>hn-^4 0tt<!f^6e:4^«ie«Iffll4BB«, aRtfc 

*ftK:0: v ±aEEE*«lfflI*2 1 SHOfclRCctol,* 
t\ ±S££E^*W^f2 1^6t»J7^X33 irofi 

(DEEtJtfi* PH^SPLa-CCCttT-TSOCcB-r-Sl^lffl 
ttCOl^r, t =KK ' x (V/SS) x I n (PH/ 
PL) x (273/T) 1/2 «IU KK'im V 

ss^'j7^3 3 oymnmmm, Tizmnzvou 
li, 13,1 4*mc mmfti 2, 1 5£±s£ee# 

fWffitff2 1 fctfcJBr* h 5 -r y' 

WfikLtj:^) £@8SSt>\ 7X7P-3> hd-^ 3 

ft. ±*^JWfHPP2 l ±^JE#3«#2 1 *> 

h*')y -f ^3 3*r<DSav©BE*"*«PH3!P6PL* 
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3 5r&tH7r£ 0 

[0 06 3] *UT, ^2?S®H8S4 4CC*5^r, ±&fc 
EE*WtBI^F2 1 »J7^3 3 tXO^mv . Eft 
PH, PL. SaV(DEb*sPH*»6PL*rCC»TT 

tOgLttJ^tcKATSCitCjrO, *y?^X3 3<DW 

V a X3 3©WSSWfffias.S«^ttOfc© (JEWtCtt, 

io jeffljSiftB*©^©) ffiriamtiaK43(c^ft3 

RCD* y y < x 3 3 <DW#)»f®ias s <t utfffl^n 

<£>o 

[0 0 6 4] ttc. JiT&Ltcto&mmmm-rzct 

tcJc-^T, *y^;0 3#£&T£^c^bLfcC£ 

*wmc%itm&ct&x$2> 0 ccrit ^y^x 

ur, zomttmic^xmwvz. *vy~< 

20 cctec^r, aiK^i l, 13 V u*ffl • 

Os 12,15 4±j«BE*W»^f 2 1 feHttfctt 

vX7P-3>hD-73 7^Lt^t I J7^/ 

KHCfcttlC, ±ffiBE*$lJfflI^2 1*6*'J7^3 
3 £ "CCDgtfg V (DEE;W PHfrt>PL&Xt,C £ CD 
Cca^"^>B#ra t 0*. ±«BE*H2>*3 4*^Lr : 3F«> 

[0 06 5] 3 e>tc 4 ®B«S««ptttf«:*jc^r % H«tc 

30 Lt, aK^Fll, 13, 145:fflD, 1^12, 1 
5 L±mEEjjMmft2 1 *BBWfetK88T, h ^ -f > 

(H^UttlO SriSa&StL 7^70-3 

> h 3 7 ^Itt t 'J 7^©M~f Ml 

Ifctt*. -eUT, ±kfiE*«lfflI^F2 lSrBCfcaJC, ± 
iHEBE^ftDiai^F 2 1^WJ7^33 SrOD^VOII 
^ p h h P L ^ x ^cp^TT ^> cd«:ST ^> B$fffl t * . 
±iffiff^*fe>1t3 4**yOTflM#U *'J7^33tC 
IB*0#ftl^fiDI9IB t 0 <h^2J:b$5[Hl884 5 rib 

40 [0066] ^<om^ ±mi£i)mwft2 1 y ^ 

-<X33$ -CCDSS V CDEE^?^ P H ^ 6> P L * TCC»T 
TSOtCB-riBSBt^ *y 7 ^^3 3<D@IS$0^ 
ft^«^CDB$|ffl t 0 ,fc9?Fgi*iAtg< tt*«teK: 
02tb«!lBlK4 5tt77-Aflf*»fl^ ^y^ 

-f x 3 3 3&jjflflft-r*s«cBte* vutcct sjWKcjafc 

[0 06 7] — Jb«£EE^J*Otau^F 2 
3 3 *r©5SWV<DBE*3»PH3^6PL3£rtcBTT* 

50 (Dtca*r^B#r^ t*^ *y7^^3 3(oass*o^fti» 
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3 omthmmm s s *s*tH snscii^So 

[0 06 8 ] ft, H 1 ^©«^3n/t7^(C-9 

t^ttt, s»D#cctec»T, ^3 3 Miliar 

'j7^3 30Ti«E*P2 (T«£BE*-fe>1f 5 IT* 10 

ta$n^fc<D) tcat-rs^y:? -* *3 3cr>±s£s^p i 

(±i£Efc-k>1J-3 4T*£fctii*n£fcCD) (DtbP 1/P 

2# rraiMBj J:9+#cc*s<tt*cfc5tcig«3*i, 

->y>#3 2ft<DEfrP 0**B<*y-*5 0(D 
fiSfffi&IREE <fc 9 «fc 5 KSSffi ^n^Ci^r 

[006 9] Ja±»JffltC|»HJL/c J: 5 OC, 44ltt4>JgJB 
©^^flttftWWJglKtt, * U .7 4 X 3 3 OTiSfiE* P 2 
*C»-ra*y7 *X3 3<D±ifcEE;tfP lOJfrP 1/P 2 

a* rm^fl j «±©«^«i, t'j7^x33 20 

mm? & * q & % 

Q = KKXSSXP1 X (27 3/T1) 1/1 

«fiU KKttffift, S S y 7 * X 3 3 <D«a&*rE 
IS, Tl WJ7^3 30±&j|g) cr>^;U*-^CD 

*C2(KS*i*, * y 7 -f x 3 3 OE*aaB$ttft*jffl 

[oo7o]^t, *m^3&sff«flfctc*o. *y7 

* X 3 3 ©T*ffi*J P2CC*f-r**y 7**33 <D_Lg£ 
BE*Pl©JtP 1/P2* rRg^aj fcLh«cA4itf % ± 
86BE*-b>1f 3 4T?*lBSti**y7 *X3 3<D±i»J£ 30 

^pu, ±sfese[-fe>if 3 5r*ftujsns*y 7 * x 

3 3©±iSSgT 1 i&cS^T, ^'J7^33?:t 

ass-ttiar £ ©aui Q**utsct*r* 

£0 *fc, *y7*X3 3©±»flEftPl*±»EWW 

[0 0 7 1 3 l»V-X50tJWS#4C4 

VDSS3 OiC«t^Ci«^ fl fit, ±ai 
*y 7 * *3 3*$a*raar*W*4#* 

Ci^t^©t, ii*V-X5 0^6^3H*fctt*4 

©«f&M*S(i»T £ c t ifiuj m t & . 
[0072] *mm<DBm®tfxmi&mm&m 

»#2 1 y 7 * X 3 3 *TOSSV©BE*#. 

ph^6 p soccs-r t 50 
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X, 

t =KK ' x (V/SS) x I n (PH/PL) x (2 
73/T) 1/2 

(fflU KK'ttffiat SStt*y7*X3 3©«aMK 

on. T»«rKV(b»tt) T2ras*i4, t i J7^3 

[0 07 3]ffiot v lMEE3)mWft2 1 frbtV? a 
*3 3*r©anHVi/BEAPH, PLi, ±*EE*«| 
ifflJ#2 1 «r±B3tCU/cig^tc, ±SSE^-fe >1f 3 4 "C^ 
tB$n^HufBV(Z)E*PH, PLtCg^l>Tft«3ft& 

•?Z><Dl£.W?Z>!%m t <t, ±»SS-fe>1f3 4'Cfttt3 
*iSfriBV<DiBSTi*rtA , r4CiK:J:0, ^WO^ 
y 7 **3 3©^R»»rffias S*ffffi-rSC4*r# 

c<D£5icnmstiitmtKD*V7 ^3 

3 (DW^JKMS SStt, ^ y 7 * X 3 3 ^r^a^riliS 

[0074]^ ^ja©?B«©^«*&#iai6a«:*5 

Ba (C^H^O,) 2 <DB^y-X5 0*CO(,vc» v 
0. 6 5 kPaJ&lT-C2 5 0X;«±) CC«3ftttWn«tt 
€>£rl*Jg^#*£a*, C<D<t^B, 0#y-X5O#>6 

s^s-a-fc^^j^UfflTA-s/cfecc, :* y 7 a x 3 
.3(d±«£e*jp i*soffi-r-5±ajEtjwiai^^i'^2 i r 

^ y 7 * X 3 3 <D±S£EE^I P 1 *fcfflT* ±*BE*-fe > 
[0 07 5] ^CT, Effi^T|g8(i3n^±SSIE^*IJ 

i*trar ±ssaE*42>*3 4 

sofrfeWS-ttfcWtt^WKjirftort, ±g£E 

*Wiai^'Cji/^2 ltt»j7^3 3©±iftEE*P 1 *IH 
giiT^Ci^, ±SS£ff^*fe>1f3 4WJ 7 ^3 3CD 

So 

[0 07 6] Tfcfc>*>, *«6S(D^X«s|i&$lJ®^g-C 
B x Bf*V-*5 0*6#»S*fc»»^* % t»J7 

WLKtJ^>^ 3 4-Ctftasn**y7 **3 3CD±a£li 

*pu, ±SEias-fe>*y*34r^tn$n4^y 

3 3£>±SESKT 1 itcS^l^T, :* y 7 * X 3 3 £ii 
3cD±ifLlI^P 1 4±iSBE*S!ltSP/^l/^2 1 ri@gg*r5 

c<btcj:o, * x3 3«raa-rst**4^©aa 
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X3 30*»»rBWSS*fl|flai/ri»*or. 3S1#<D* 
yy**3 3©^»rffi»SS# t *y7-f^3 3©R 

AatccctoriSJinufcO, *'J7 ^ *3 3cdbis&9 

WiKtec^, *U7^^33CD*»KrfflWSS© 10 

[007 8] */c. *^Jfi(D?f$fiS<D^^«#&*IJiSU^Sr 

*-b>1f3 4©*a*S**^bT:Bl»Sti*, ±iJSJE^ 
Stfffll^i/y 2 1 'J7^3 3 SrCDSfavCDJEE* 

tsiiBiK:aa3**«Kott») ©wmi t o ttmssrrsc 
fcinc^m^or, t';7^x33wri) 20 

4tt>Ttt % t'J7^ ^3 3CD±SSflE^P 1 4iBfip-r^± 

££<hfcCc x *y7-/^3 3©±«BE*Pl*«ktt»-* 
±8KEAiz>lf 3 4*str^^Xfflffft?*0 % Hfcy-x 

2jMMMW:/2 ir*'J7^33 ©±SSJE^P 1 £89 

±*ee&p 1 wftwrsc & ccxi*tf fti^or. H» y 30 
-*5 0 ^^13 tfc«fi^)WSt* ot fc, * 

[0080] 4^Qko^iBo#^0u&mmiseB(c . 

C<Di#«, CVDKI3 0CC«t&3ti4BB©t**4^ 

[008 1]^ *»Mtt±8BSakO»«CCRje3tl* 

[008 2] MjLK. JJ^CIkO^fllOtf XWMMK 
®-C&* v *yy <**3 3*W&1bvm&lr&tm*fx<D- 

r £ So -etnas, t»;7^33 sasaarcaa-r 

Q ' = KK" xSSx ( (P1-P2) x p 2 ) 1/2 x 
(2 7 3/T 1 ) 1/2 

({1U KK" ttE» h SStt*yy ^*3 3©ffi»»r 50 
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Baa. p i «t >j 7 ^ 3 3 0±M*r* o r ±ffi 

^-fe>^3 4-C^tbSn^fcCD, P2WJ7^33 

cd, t ib*'J7 ^ x3 3<D±^agr*oT±saas 
[0 08 3] ra^r, tm#*#ffi*a»cc*ti«, ± 

ISH^>1f3 4^fflSn-5*'J7^3 3<D±8KEE 
;frP 1 Ti»EE#-te>1f5 l-ctHi^ns^^^ 

3 3 ©TSSEEEb P 2 <b % ±^Sgiz>1f 3 5 rtfcfcHSft 

i*y^-f x3 3©±a£fiftT i itcs^r, *yy 

^33 *ffisai»raa-r-st*?4//^oi»*Q ' *i? 

WT*C±tfr*4. ^'J7^3 3©±SEBE* 

Pl*±flfcBE*»WBl^l/^2 l-CB»r*<kifcK:*y 
7^X33 OTfm&J) P 2 *TiftH*«IfBI^^^ 20t 

warr* c tic j: o . ty7^33 *ffi#assraa 
[0 0 8 4] ±S£E^'fe>if3 4r^tti^n 

**yy*X3 3©±*BE#Pl£ % TiSH^*fe>1f5 
irtftWSh**yy <*3 3©T*EE*P2£ 1 -LSS 
SJS-fe>1f 3 5T&tHSft&*y 7 a *3 3 <D±S!£fia 

ti^s^t, * y y * * 3 3 *ffi«aireaa-r 

***f4*f*©»*Q ' *»WU t'J7^33 

cd±skee^p i *±MmJit$m^)\>72 i *ciiggp*r&<h 
^■/2 or^ge-rst ti<c&v) s ty7^334if 
«st?**<br, ty7 ^ x 3 3 ^rffisaEk-ciia-r €>« 
[0 08 5] s 66c, ty7^33 iitaisna 

* 'J 7 ^ 3 3 (OffiUms S «ftt»ofc0 , * 

yy ^3 3^S»r*g«:^fcL&ci*il«K:*p6 

[0086] s/t, ±tmm<D&i&<Dt?xmteftmm& 

t), COiWt CVD«H3 otc«t&snsiR©t#f4 

»r*yy ^^3 3taas«4cctt*aaftfr«c.*ft 

[0 08 7] ayfc, ±B**o*JWc*yc»rtt, ^y > 
^3 2rt^b-^r2 5 o - cr— jecc-rsciccj:*), 
*yy -/^3 3(D±»iaffT l *— jeccorfco. 

y-^5 0*6WS*fc*m^©flttft«4rW»-r& 
K^Ut, t'j7^3 3(D±SKSST 1 £8tffeD*t 
ft^6*fLTl^S^, t- jrtt£"r*yy -#^3 36!>± 
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*^-n»*i-&tc*jc*Tt>, ^y:? ^3 3 3wsgft-r*s 

[0 08 9] COiSB, ±«E£E*W»#2 
7 4 X3 3 *rOSav<DEE*^PH*i6 P L*-C«I|E» 

t 0 J: 9 TJS< &4*B^CC». SI2Jt«lHl 

[0 09 0] -75". ±SSai^l$lifflI^2 1 3^6* y ? 4 * 
3 3 £X?<DnffiV<DJ£fi&PH&hPL£Vl ( C9$T?2> 
©teBT *B$fH 1 * y 7> * 3 3 <DJKA**tt^»& 

cMSIfflt OJ:bflFSll«MiLrK;lB<tt««deca t * 
y ^ ^ x 3 3<D«ft^gffiBrt&©T, »2 JteaiilS 

[0 09 1 ] ft, C<om&U. 4X3 3#3SfeT 

fi£oT> 3JtR©*y^ ^3 3 <D*f J»»rffi!8 S S * 
'j7 ^3 3©IS^^J:origJDl/c0 Itfe, 

y^^33 *wai«rfflaTs*t»*^c!)i*jtQ^, 

[0 09 2] ±fS^SS(DSSg(D^^«it&$lJiai^g 

JKOSPibr, *';7^33t«fflLtw 30 

[0 09 3 ] >>X;l/CDXa- h»©T«telfc*e 

*s»*Wwe>tiri>Sfe©K:oiir«, **)7 4*3 3 

8»D±WEAP 1 t«0»<DT»flE*P2^tb««fiS 

0 »©T*flE* P 2 KSfrT 0 SB© _LjftEE# P l ©Jt 40 
P1/P2) *l«nT5C£**T*a. 
[0 094] S/c, ±8SI«S(DJB»K:*sCiTtt» Jfty 

— aBr*4CVDI8B3 0 6C3RtOTffi»ftLrc»a^ 4 ¥ 

[0095] ±failtt<ojBfi8cc*$c*r TffiE 

y^ ^^3 3*>P>Hn/c < 5:C5-CTSSII*P2*^tBT 50 
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[0 09 6] g/c, ±gSHSfiCDJBffi«:*5C^«, Tffiff 
*$«^Vl/^2 0 t LXm$im^vm$bZti2>i><D*:& 
mLX\,*Z>1)\ **) v 4*3 3*>6iai>£t irTSKHE 
*P2*fWl^rSC4CCj:oT, H*V-X5 0*6* 

[0 09 7] 

[0 09 8] *fc, *%HJOD^X«i^*fJfflJ^gr«, jR 
[0 0 9 9] £tt s *«58<D^^«t&Wffll«{Brtt, ± 

>^^tt3n*«oa»D±»as4ccK-^c>r. ago 

So 
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ttO^EE*««^*W»*^*l»CC£*ttBfr (tt io 
0 StoTifeffi& CC»T *« 9 »©±»EE&©J:b ) *i(g*a 

[0102] S/c, ^MO^mMWMKB(C49C> 

*m^*cvbsaiK:«*ft-r*j»^*ctt, cvd 
swtcttte $ ft sbs©*****/* z-mmv&m z&zct 

[■na>n#«eiHi!] 

[HI ] *^$SSO<?*w^SXgtc*5^^, CV 20 
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So 

[H3] *y^-f^©T»EE*«:«r4*ij7^^©± 

skEAoJttf rpg^figj jy±{c*fttt, taawy^ 

[»#©««] 

2 0 .T*BE*W»^^1/^ 

2 1 ±jsfcBE*W»^^^ 

3 0 CVDgg 
3 3 

3 4 ±a£EE*-fe>1f 

3 5 ±iffifiBMz>tr 

5 0 Bf*V — * 

5 1 TifcBE#-fe>? 

P 1 * V 7 a *<D±MEEZ) 

P2 :* 'J 7 -* X©T«EHE2> 

T 1 *y?-/X©±l*»B[ 



[HI] 
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tt 13** 

glgfr 
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fi 1 
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